ABSTRACT -If titanium dioxide nanoparticles are inert and non-biodegradable, they must be evaluated similarly to fullerenes, carbon nanotubes and asbestos. We surveyed the titanium level in typical raw food materials, and then intravenously injected titanium dioxide nanoparticles (primary particle diameter: 15 nm; secondary particle size: 220 nm) in mice and determined their tissue distribution and elimination. As a result, an unexpectedly high titanium concentration was observed in several foods. It was also detected in blood and tissues of healthy mice without administration of titanium dioxide nanoparticles. Then, forced i.v.
INTRODUCTION
Many nanomaterials have been prepared and evaluated for their functions and physical and chemical properties. In particular, biocompatible materials, ultrafine microstructures, and molecularly recognized and signaling materials have been broadly studied as leading-edge and advanced materials; fullerenes and carbon nanotubes are typical examples. In addition, titanium dioxide and zinc oxide nanoparticles are used not only in several materials but also in humans in UV-care cosmetics. These nanomaterials may be categorized as non-biodegradable, and liposomes and nano-and micro-emulsions are found in labile nanoparticles. Are these nanomaterials safe for humans (Maynard et al. -2007) ? Titanium and titanium dioxide are believed to be highly inert and safe, even when they are absorbed via the GI should evaluate the titanium dioxide nanoparticles similarly to fullerenes, carbon nanotubes (Singh et al., 2006) and asbestos. It was found from our preliminary survey and experiments, however, that titanium is naturally contained in the body as well as in vegetables and soil, indicating that we may ingest titanium compounds daily despite no detailed information on the chemical structure of such compounds. In addition, size is very important for nonbiodegradable nanoparticles. Titanium dioxide particles bigger than 100 nm have been used in several foods and toothpastes (Lomer et al., 2005) ; thus our strategy to estimate the safety of titanium oxide nanoparticles must In the present study, therefore, we surveyed the titanium level in typical raw food materials, and then intravenously injected titanium dioxide nanoparticles (primary particle size, ca. 15 nm; secondary particle size, ca. 220 nm: see below in detail) into mice, and determined the
MATERIALS AND METHODS
Surveillance and determination method of titanium concentration in typical foodstuffs titanium concentration was measured using an ICP-MS (Agilent 7500ce, Agilent Technologies, Inc., Santa Clara, CA, USA). Titanium concentration in blood and tissue samples as well as mouse diets (Oriental Yeast Co., ltd., addition, a bibliographical search was done for the titanium concentration in foods, soil and others.
Preparation of titanium dioxide nanoparticles dispersed in saline
Titanium dioxide nanoparticles (MT-150AW, particle diameter of 15 nm, as explained below) were obtained -ed amorphous silica bound to a core. MT-150AW (100 g) g/l (as SiO 2 ) liquid glass (sodium silicate) (215 ml) and 2 SO 4 -Titanium dioxide nanoparticles dispersed in physio-MT-150AW and 54 g of physiological saline purchased from Sigma-Aldrich (St. Louis, MO, USA) was sonicated using a sterile ultrasonic grinding device (Ultrasonic Gen-
Determination of physical and chemical properties of titanium dioxide nanoparticles
ticles was determined using X-ray diffraction (X'Pert Pro, PANalytical, Ea Almelo, Netherlands). The total number plate counting method.
was analyzed using image processing software (Mac--was determined using a dynamic light scattering particle-
Intravenous administration of titanium dioxide nanoparticles
animal experiments. These experiments were done under University. Saline suspension (50 μl) of titanium dioxvein of mice under anesthesia by i.c. injection of sodium pentobarbital. The blood, brain, lung, heart, liver, spleen injection. Tissue and blood were dissolved using Soluenetitanium concentration by ICP-MS, as explained above.
Morphological evaluation of excised tissues
Slices of the liver were observed by electron micro--uate the intra-and inter-cellular presentation of titanium dioxide nanoparticles.
RESULTS AND DISCUSSION

Survey of titanium concentration in typical food materials
As described in the Introduction, titanium is naturally contained in several vegetables and soil, although there is no detailed information on the chemical structure of the compounds. The titanium level in several foodstuffs was therefore determined and a brief survey was carried out on several food materials; Table 1 summarizes these surveys and the experimental results. An unexpectedly high titanium concentration was observed in several food materials. In particular, the titanium concentration in soyet al. (2005) reported that the titanium concentration in to the relatively high concentration in vegetables (i.e., 20-
Preparation and characterization of titanium oxide nanoparticles
The preparation and physical properties (size) are very important for the safety and toxicity of titanium dioxide nanoparticles. Titanium dioxide nanoparticles dispersed -pared using the following two steps: preparation of highlyca. The isoelectric point of titanium dioxide is about 5-7, so titanium dioxide nanoparticles (MT-150AW) dispersed in physiological saline can be easily agglomerated.
eration in neutral saline, because the isoelectric point of --form of titanium dioxide was rutile (data not shown). No -mined by the plate counting method.
relatively narrow primary particle-size distribution and a mean particle diameter of 15 nm. only a small number of particles with a particle diame-
Tissue distribution of titanium after i.v. injection of titanium dioxide nanoparticles
Titanium was detected in the blood and tissue of healthy mice without the administration of titanium dioxide nanoparticles, and the titanium levels are shown in -ple, titanium concentrations in the blood and liver were 4 and 15.4 μg/g tissue, respectively. Then, the titanium level was determined in the mouse diets and was found to be 17.5 μg/ml. Since the experimental animals consume about 5 g solid feed per day, the amount of titanititanium in mice must come from ingested titanium materials.
i.v. injection of the nanoparticles was then increased in blood and tissue, but no increase was found in the brain after i.v. injection. No increase in the brain level may ignore the severe toxicity reported by Long et al. (2007) . Most titanium was concentrated in the liver 5 and 6. Interestingly, the liver level decreased over time recovery of titanium from the tissues. The titanium lev- mouse liver after administration of titanium dioxide nanoparticles, which were observed in hepatic cells. Titanium dioxide nanoparticles may be dissolved by macrophagic activity in the liver (Olmedo et al. -mation will be presented in a separate paper.
Titanium was naturally contained in mice, especially in the liver, as well as in vegetables and soil. The titanium level gradually decreased after forced administration (i.v. injection) of titanium dioxide nanoparticles into mice. Thus, our strategy to estimate the safety of titanium dioxfurther experiments are necessary (Behling, 2007) . 
